Computers and artificial intelligence affect every field of life nowadays. In medical image 1 interpretation automatic decision making using algorithms are used increasingly in every sub-field 2 and computer aided diagnosis (CAD) is one of the main tools available to medical science today. with image analysis and interpretation being of primary importance. In particular, spatial relations 5 are used in knowledge representation, and these relations can be used for effective medical image 6 interpretation. In this paper, we put forth an algorithm for defining non-small cells lungs cancer 7 (NSCLC) stages in lungs images interpretation using topological spatial relations. We show an 8 application case study in event motion predictions for lung cancer staging scoring -tumor, nodes and 9 metastasis (TNM) -with combined topological and directional relations. 
Some relations also need to determine the history of the spatial relations, such as Reach relation can be 80 modeled as initially DC and then EC relation, such as modeled in [20] . In this paper, we develop the 81 Lungs cancer staging in images based on the spatial relations between body parts.
82
This paper is arranged as follows. Some preliminary definitions, and lungs cancer stages are 83 discussed in Section 2. Section 3 describes the intersection model of topological relations. Finally,
84
Section 4 provides the conclusions. 
TNM System

91
The current system for staging lung cancer is based on the Tumor -Node -Metastasis (TNM)
92
classification This grading system involves the primary tumor (T), the degree of lymhponode 
102
Following is the detail of each system. has grown into nearby tissues.
108
Numbers after the T (such as T 1 , T 2 , T 3 , and T 4 ) might describe the tumor size and or amount of 109 spread into nearby structures. The higher the T number, the larger the tumor and/or the more it has 110 grown into nearby tissues. 
N Staging
112
Another important screening is the occurrence of nodal, specifically for the ones who are suffering 113 from mediastinal issues but do not found diseases of extra thoracic.The N category staging is used to 114 check if cancer has lead to lymphatic nodes or not, this includes Cancer size is between 4cm to 5 cm
The cancer is between 5cm to 7 cm or there is more than one tumour in the same lobe of the lung Cancerous cells has been reached to other distant parts of body such as ribs, muscles, cartilage, or the diaphragm, the nerve close to the lung (phrenic nerve) and outer covering of the heart (the pericardium)
The cancer is bigger than 7 cm or it is more than one lobe of the lung It is spread into one of the neighbouring parts the muscle under the lungs (the diaphragm) the area between the lungs in the middle of the chest (the mediastinum), the heart, a major blood vessel the wind pipe (trachea), the nerve that controls the voice box, the food pipe (oesophagus), a spinal bone the area where the main airway divides to go to each lung M_1b There is a single area of cancer outside the chest in an organ (such as the liver or brain) or a lymph node.. 5
M_1c There is more than one area of cancer in one or several organs
TNM Grading System
119
The TNM classification of Non Small Cell Lungs Cancer is the classification system developed by 120
the Pieter E. all in ([21] ). This system is designed to help efficiently distinguish lung carcinomas from 121 other lung lesions, as well as how cancer stages. The combination of the T, N, and M scores is then 122 used to place a given lesion in one of four disease stages (I-IV).
123
As other factors helps in medications, same like is the case with grading. Grading can also be 
The size of cancer is 3cm or smaller
•Cancer is between 3cm and 4cm. It is growing into structures such as: main bronchus, visceral pleura • Cancer is blocking the airway, as a result the lung collapse partly or completely 5
Stage_2A T 2b N 0 M 0 Cancer size is between 4cm and 5cm, and no cancer cells in any lymph nodes.
6 Stage_2B
•The tumor size is between 3 cm -7 cm, and it has spread to local lymph nodes; or • The tumor is greater than 7 cm in size and has not spread to lymph nodes or •Cancer is not in lymph node, but has spread to local areas such as, diaphragm, phrenic nerve , mediastinal pleura and parietal pericardium. or • the cancer is less than 7cm but there are multiple tumours in the same lobe of the lung.
•Cancer is up to 5cm in size and has spread to the lymph nodes in the centre of the chest on the same side as the tumour or • it is between 5cm and 7cm and multiple tumour in the same lobe of the lung or • Cancer has spread into one or more of the following areas: the chest wall, the phrenic nerve , mediastinal pleura and parietal pericardium, lymph nodes in the lung or close to the lung or • Cancer is larger than 7 cm. It hasn't spread into lymph nodes but has spread into one or more of, diaphragm, mediastinum,the heart , a main blood vessel, trachea, larynx, oesophagus, a spinal bone, the carina or •Cancer in multiple lobes of the same lung and there might also be cancer cells in lymph nodes close to the affected lung.
6 Stage_3B
•Cancer is less than 5cm and has spread into lymph nodes in one of these places: the opposite side of the chest from the affected lung, the neck, above the collarbone, Or •Cancer size is between 5cm to 7cm and has spread into lymph nodes in the centre of the chest. Or •Cancer of any size, has spread into lymph nodes in the chest centre, and has spread into any of the areas: chest wall, diaphragm, mediastinal pleura and parietal pericardium. Or • Cancer has spread into the lymph nodes in the chest centre. The lung tumour is more than 7cm or it has spread into a major structure in your chest such as: the heart, trachea, oesophagus , a main blood vessel
•Cancer is between 5cm and 7cm or has spread into one or more of the following: phrenic nerve, parietal pericardium • and it has spread into lymph nodes: in the centre of the chest on the opposite side from the affected lung or at the top of the lung on the same side or opposite side or above the collar bone or there is more than one tumour in a different lobe of the same lung. Or • Cancer is bigger than 7cm or it has spread into one areas: (i) the diaphragm, (ii) mediastinum, (iii) the heart, (iv) a major blood vessel (v), trachea, (vi) the recurrent laryngeal nerve, oesophagus a spinal bone , the area where the windpipe divides (the carina)
• It has spread into lymph nodes in chest center on the opposite side from the affected lung or at the top of the lung on the same side or opposite side or above the collar bone 8 Stage_4
AnyT, AnyN, M1a AnyT, AnyN, M1b AnyT, AnyN, M1c
• Cancer in both lungs or the cancer is in the pleura or pericardium or there is fluid around the lungs or the heart that contains cancer cells, Or • Cancer has spread outside the chest to a lymph node or liver or bone. Or •The cancer has spread to several areas in one or more organs can be defined as the intersection of mathematical objects. In this system every object is defined as the 126 closed set.This set is further divided into topological parts, like boundary, interior and exterior.At the 127 next step, the topological relations are computed between the every object pair. 
Disjoint(DC):
In this situation, two objects are disjoint and topological parts of both the objects don't intersect each other. In matrix notation, this situation can be described as 
Non Tangent Proper Part part Inverse (NTPP):
In this situation, the 9 intersection matrix is represented as
Tangent Proper Part Inverse (TPPI):
In this situation, boundary of the targeted object touches the boundary of reference object internally and 9-intersection is represented as bellow. 
Segmentation and Labeling
154
The spatial relations are defined between the segmented objects(body part) whose boundaries are 155 well defined. These objects are considered as the regular sets where the boundary is the part of the 156 object. The object recognition, segmentation and labeling of objects in an image is a separate problem.
157
During the object recognition stage, segmentation process of the lungs image, the body parts corresponding to a set of models known to the system is considered as below
162
The topological relations used in the ontological of medical images can be renamed as Inside, this relation is developed by combining the TPP and NTPP defined in Eq (5 and Eq(6). If the out put of these relations is stored as 1 and zero , then Inside is defined as
Similarly the second relation is defined topologically in Eq(3) .
163
The NSLC staging can be developed using the Spatial relations between the cancerous cells of the 
Primary and Secondary Cancer Detection
170
Once the objects are detected and labeled, the spatial relation disjoint as described in Eq(2) is Lungs (O 19 ) and the cancerous object A. In such a case, the cancer type will be based on the origin 174 place of the cancer object.
175
Similarly a cancer is termed as the primary cancer if computed by the equations (Eq(5) and 176 Eq(6) holds. Once, it is decided that the cancer is primary, then its stages are determined through the 177 following process. 
182
The T staging in cancer is based on two criteria, which are
183
• Size of tumor, this is determined by the equation (1) 184
• The intersection of the cancer and the different parts of the lungs.
185
The higher order T staging is defined as the intersection of the cancer and the neighboring body parts Grading schemas also depends upon cancer type, some cancer types doesn't show compatibility
194
with such grading system, in this case following terminology is used. These spatial relations can be used to determine the cancer stage as the following example shows.
201
After the detection stage, the size is measured by the governing equation (1) 
